Although previous studies have proposed a variety of models to characterize diastolic pressure-flow relations, the models' ability to predict capacitance-free pressure-flow relations from dynamic information in individual studies has not been determined. This study tested the ability of a lumped RC model with pressure-dependent parameters to predict diastolic capacitance-free flow during maximum vasodilation in anesthetized dogs. Model parameters were characterized by perturbing the circumflex coronary artery with a ramp pressure waveform that caused coronary artery pressure to decline at rates varying from 30-150 mm Hg/sec. Capacitance-free relations constructed from declining and rising ramp pressure-flow data corresponded with capacitance-free pressure-flow points constructed during constant-pressure coronary artery perfusion (which are model-independent). The model parameters derived from analysis of the ramp data indicate that conductance of the coronary bed varies directly with coronary pressure and is independent of the rate of coronary pressure decay. Values of coronary capacitance vary inversely with coronary artery pressure and with the magnitude of dPix/dt. Thus, a simple, lumped diastolic model with pressure-dependent parameters can predict capacitance-free pressure-flow behavior from dynamic pressure-flow data and characterize model parameters over a wide range of coronary pressure. (Circulation Research 1987;60:273-282) I n contrast to other vascular beds, impedance to coronary flow varies throughout the cardiac cycle due to compressive forces imposed on the myocardial vasculature during cardiac contraction. Although most coronary flow occurs during diastole when compressive forces are ordinarily small, factors responsible for impeding diastolic inflow include three interacting and currently controversial variables. First, the driving pressure for diastolic coronary flow may be less than that predicted by taking the difference between coronary diastolic and right atrial pressure.
I n contrast to other vascular beds, impedance to coronary flow varies throughout the cardiac cycle due to compressive forces imposed on the myocardial vasculature during cardiac contraction. Although most coronary flow occurs during diastole when compressive forces are ordinarily small, factors responsible for impeding diastolic inflow include three interacting and currently controversial variables. First, the driving pressure for diastolic coronary flow may be less than that predicted by taking the difference between coronary diastolic and right atrial pressure. 12 Second, coronary vascular resistance may vary with pressure in the maximally dilated coronary bed, increasing as distending pressure falls. 1 " 5 Third, reactive effects, particularly vascular capacitance, may influence patterns of coronary inflow when coronary arterial pressure is rising or falling.
46 " 8 Although the importance of coronary capacitance is now well established, its magnitude and distribution remain controversial. 2 -potentially influenced by the pressure waveform perfusing the coronary artery in diastole. Each factor may affect calculations of coronary vascular resistance using measurements of end-diastolic pressure and flow. The present study was designed to define interactions among capacitance, conductance, and changing rates of coronary arterial pressure decay on diastolic coronary flow in the maximally vasodilated coronary circulation. A previous study from the same laboratory using sinusoidal coronary pressure perturbations suggested that impedance to diastolic coronary flow over the frequency range 1-5 Hz may be described by a resistance-capacitance (RC) model when effects of pressure-dependent parameters are accounted for; at higher frequencies, i.e., > 5 Hz, viscoelastic effects become important, and substitution of a viscoelastic compliance improves the model fits. 8 The major aim of the present study was to ascertain whether the simple RC model could be used at lower rates of change of coronary pressure to predict capacitance-free pressureflow relations during vasodilation. The specific approach was to perturb the coronary circulation in a fashion allowing model parameters to be characterized as a function of coronary pressure, using a ramp waveform. Capacitance-free pressure-flow relations constructed using dynamic pressure-flow data and the RC model were then compared to those obtained by perfusing the coronary artery at a constant pressure, an experimental approach that eliminates reactive effects. The results provide validation of a simple diastolic model of the coronary circulation as well as a tech-nique to characterize capacitance, conductance, and zero-flow pressure (P f _ 0 ) during single diastoles.
Materials and Methods
Studies were conducted in 7 adult mongrel dogs. After anesthesia with sodium pentobarbital (30 mg/kg i.v.), animals were intubated, and ventilation was controlled with a piston respirator. Arterial blood gases were maintained within physiologic limits by addition of supplemental oxygen and/or sodium bicarbonate. A thoracotomy was performed in the fourth left intercostal space and the heart suspended in a pericardial cradle. A pigtail catheter was inserted into the left ventricle for pressure measurement. Ascending aortic pressure was measured by a catheter advanced via the right carotid artery. Right atrial pressure was measured by a catheter passed from the left femoral vein. Catheters were connected to Statham P23dB or P23AA transducers. The right femoral artery and vein were cannulated for sampling blood gases and infusing pharmacologic agents, respectively. Complete atrioventricular (AV) block was produced by injection of formalin into the AV node. 10 Pacing wires were sewn onto the right ventricular outflow tract and the ventricular rate kept constant for the remainder of the experiment. Pacing wires were also attached to the left atrial appendage and stimulated at 5-10 Hz to produce atrial fibrillation. Large-bore flexible cannulae were inserted into the right and left atria by way of the atrial appendages. These were connected to blood-filled reservoirs that maintained left ventricular diastolic pressure and right atrial pressure constant during diastolic arrest as described below.
The left circumflex artery was dissected free near its origin, cannulated, and perfusion provided by a programmable pressure control system." Prior to extracorporeal perfusion, the animals were anticoagulated with heparin (10,000 U i.v.). The left subclavian artery was cannulated with a large-bore tygon tube and blood withdrawn into a heated reservoir pressurized to between 250 and 500 mm Hg. Blood from the pressurized reservoir entered an electrohydraulic servovalve through a variable area orifice and exited via either the coronary perfusion cannula or an orifice draining into the right atrium. The perfusion cannula was made of stainless-steel tubing and thick-walled PVC tubing and had negligible compliance. 8 An extracorporeal electromagnetic flow probe was inserted into the perfusion circuit for phasic circumflex flow measurement using a Biotronex gated sine wave flowmeter (Biotronex Laboratory, Kensington, Md., Model BL-613). An infusion port for adenosine was included proximal to the electromagnetic flow probe and connected to a glass syringe and infusion pump by a narrow-bore metal tube.
Circumflex pressure was measured with an 0.8 mm Teflon catheter inserted by direct puncture of the epicardial vessel within 1 cm of the cannula tip and connected to a Statham P23dB transducer. Coronary pressure was compared to the desired reference waveform and the difference between the two signals used to Circulation Research Vol 60, No 2, February 1987 drive a linear torque motor. This displaced the spool to open or close the orifices of the servovalve so that any difference between the desired reference waveform and actual circumflex pressure was minimized. The frequency response of this system was flat to 50 Hz."
Experimental Protocol
To eliminate temporal changes in coronary vascular resistance during ramp pressure-flow determinations, all studies were performed during pharmacologic vasodilation using intracoronary adenosine infusion (2.4 mg/min). Vasodilation was confirmed by the absence of reactive hyperemia to 30-second inflow occlusion. All animals were paced at a constant rate (6 at 100 beats/min and 1 at 60 beats/min) and coronary pressure held between 80 and 100 mm Hg by the servovalve control system. Lidocaine infusion (1 mg/min) was used to suppress ventricular escape beats. Prolonged diastolic arrest (up to 20 seconds in duration) was obtained by cessation of pacing. An analog record of an arrest is shown in Figure 1A . Coronary pressure was initially held at a constant level near 90 mm Hg by the servovalve. Reservoirs connected to the left and right atrial appendages were then opened so that right atrial and left ventricular diastolic pressures equilibrated at preselected constant levels. After pressures and coronary flow had reached steady-state, the coronary pressure control system was programmed to input a ramp waveform so that coronary pressure declined at a constant rate to a level of 10-15 mm Hg. The ramp was then suddenly reversed so that coronary pressure rose at the same rate to the original pressure level. Sequential down and up ramp pairs were performed during each diastolic arrest, increasing the rate of coronary pressure change (dPuVdt) by 15-30 mm Hg/sec from pair to pair. The magnitude of dPi^/df was varied from 20 to 100 mm Hg/sec in all animals and, in 6 of 7 animals, increased to 150 mm Hg/sec. From 10 to 40 ramp pairs were performed over several diastolic arrests in individual animals.
Capacitance-free pressure-flow points were obtained in each animal by perfusing the coronary artery at a constant pressure during diastolic arrest. Several beats prior to diastolic arrest, coronary pressure was changed to a preselected level to reduce transient effects of arterial or intramyocardial capacitance during the early phase of arrest. After cessation of pacing, flow reached a steady state at constant arterial pressure within 1 second. To ensure further that effects of intramyocardial or arterial capacitance related to the last systole had dissipated, pressure-flow data sampling was begun 3 seconds after the preceding systole. Diastolic pressure and flow were then averaged over the subsequent 2 seconds. There was no flow change after the initial transient, with flow remaining constant for periods up to 20 seconds. Capacitance-free pressureflow points were compared to capacitance-free pressure-flow relations and zero-flow pressures calculated as described below from dynamic down and up ramp data obtained at a nominal rate of change of coronary pressure of 30 mm Hg/sec. 
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At the end of each experiment, the animal was killed by an injection of KC1. The perfused circumflex segment was stained with India ink, fixed in formalin, and subsequently weighed.
Data Analysis
Data were recorded on an eight-channel analog recorder and on FM tape. Pressure and flow data were digitized at a sampling rate of 50 Hz and averaged to obtain mean hemodynamic data prior to arrest and during ramp determinations. Ramp pressure-flow data were fit to linear or quadratic equations, with significance of the latter determined at the 0.01 level by a one-way analysis of variance. Significant differences in all other data were assessed by analysis of variance. Differences between groups were determined by twotailed paired t tests using the Bonferroni correction for multiple comparisons. 12 
Ramp Pressure-Flow Analysis
Diastolic pressure-flow relationships were constructed from the ramp pressure-flow data. A previous study from this laboratory has determined that an RC parallel model with pressure-dependent parameters is adequate to describe diastolic input impedance at frequencies between 1 and 5 Hz during vasodilation. 8 The present data have been analyzed using the RC model, in which resistance and capacitance vary continuously with coronary distending pressure. For the analysis to be correct, the impedance to flow at any pressure must be constant with time. Two conditions need to be satisfied to meet this constraint. First, changes in vasomo-tor tone due to autoregulation must be abolished, e.g., by pharmacologic vasodilation. Second, passive effects of left ventricular diastolic pressure 413 and right atrial pressure 1415 must be minimized, e.g., by keeping these variables constant during the period of an individual ramp determination. The former was accomplished by adenosine infusion and the latter by using blood-filled reservoirs connected to the atria, as detailed above. To simplify the mathematical analysis, flow transients were eliminated at the beginning and end of the down and up ramps related to abrupt changes in the magnitude and/or sign of dP^/df. The time at which steady-state flow is approached can be estimated from the RC time constant, 7 -8 which ranges from 30-100 milliseconds during vasodilation. Based on these estimates, the initial 250 milliseconds of data after the onset of the down ramp have been excluded. During the up ramp the initial 250 milliseconds of data following the onset of positive flow after the change in sign of dP LC /dt have similarly been excluded. Since the same range of coronary pressure was used for each ramp pair throughout individual experiments, the pressure at which "steady-state" began for the down ramp pressure-flow relationship became progressively lower, and for the up ramp pressure-flow relation progressively higher, as the magnitude of dP LC /dt was increased (due to the fixed 250-millisecond time omitted to exclude transients). Thus, the range of pressure over which steady-state data for the ramp pair overlapped became narrower. Between absolute nominal pressures of 30 and 70 mm Hg, there was overlap of data if the value of dP LC /dt was kept below 100 mm Hg/sec. Above this value, only data at a coronary pressure of 50 mm Hg were analyzed because of the limited overlap range. A representative pair of pressure-flow relations is illustrated in figure IB (dP LC /dt = 30 mm Hg/sec).
The analysis of dynamic down and up ramp pressure-flow relations to obtain capacitance, conductance, and capacitance-free pressure-flow relations is illustrated schematically in Figure 2 . At a given coronary pressure, capacitive flow for the down ramp will equal -C-dPLc/dt and for the up ramp + C• dP LC /dt, where C is coronary capacitance at that pressure. Since the value of dP LC /dt is equal in magnitude but opposite in direction during the ramps, the flow difference between the ramp pressure-flow curves at any pressure will equal twice the capacitive flow. Since d P^t is known, capacitance can be calculated at any pressure level as follows: Q CT = capacitance-free or resistive flow. Coronary conductance was taken as the slope of the capacitance-free pressure-flow relations at selected pressures.
The above analysis was applied only to pressure ranges in which the down and up ramp pressure-flow relations overlapped. Down ramp analysis could be continued to the point of capacitance-free zero-flow without extrapolation. For these curves the "apparent" zero-flow pressure for the dynamic down ramp pressure-flow relation was studied as a function of dPLc/dt. Because of the flow transients associated with the up ramp, a small amount of extrapolation (~5 mm Hg) was needed to define the up ramp pressure-flow curve near the capacitance-free zero-flow pressure. 
Results
During constant-pressure perfusion of the circumflex artery prior to diastolic arrest, mean coronary pressure was 89 ± 1.6 (SEM) mm Hg with a corresponding flow of 360 ± 48 ml/min. The perfused circumflex weight determined by ink staining was 65 ± 6.5 g. Blood gases during pressure-flow determinations were pH 7.30 ± .02, Pcc^ 35 ± 1.9 mm Hg, and Po 2 82 ± 8.5 mm Hg. Hematocrit was 44 ± 2%. Aortic pressure preceding diastolic arrests was 93 ± 4 . 9 mm Hg (systolic) and 48 ± 4 . 1 mm Hg (diastolic). Figure 3 illustrates dynamic pressure-flow relations for sequential ramp pairs at 2 different rates of pressure change (dP^/df.). In general, dynamic pressure-flow data were curvilinear, as assessed by analysis of variance, although declining pressure-flow relations tended to become linear at higher rates of d P^t ( > 100 mm Hg/sec). As illustrated in Figure 3 , the splay between down and up ramp pressure-flow curves at any given pressure increased with dP LC /dt, indicating greater capacitive flow. At rates of coronary pressure change below 30 mm Hg/sec, down and up ramp relations tended to merge as capacitive flow was reduced. For each ramp pair, the splay was larger at low coronary pressures than at high coronary pressures, indicating greater capacitive flow despite constant dP^/df. Figure 4 illustrates the effect of changing magnitudes of dP LC /dt on the coronary pressure at which inflow appears to reach zero during down ramps. We have called this the "apparent P f . o " of the declining ramp pressure-flow relation. Despite maximal vasodilation with adenosine, the apparent P f . 0 approaches 35 mm Hg at high rates of pressure decay ( > 100 mm Hg/sec). At lower rates of decay ( < 3 0 mm Hg/sec), values approach those of capacitance-free pressureflow relations. These results indicate an important in- fluence of dP^ydt on the zero-flow pressure intercept obtained using declining coronary pressure waveforms. Figure 5 illustrates that substantial changes in the contour of declining pressure-flow relations were also observed as the magnitude of dP^/dt increased. The slope or apparent conductance of the declining pressure-flow relation was greater than that of the capacitance-free relationship at any given pressure, and the difference increased with dP LC /dt at similar coronary pressure levels.
Dynamic Pressure-Flow Relations

Capacitance-Free Pressure-Flow Relations
Capacitance-free pressure-flow relations obtained using the ramp analysis in 7 animals are compared to capacitance-free pressure-flow points obtained during constant-pressure perfusion in Figure 6 . In each case there was agreement between the calculated relation constructed from ramp analysis during a single diastole and several points obtained subsequently during additional diastolic arrests. Table 1 summarizes values of conductance at selected pressures for the capacitance-free relations constructed from the ramp analysis at nominal rates of coronary pressure change between 30 and 90 mm Hg/sec. There were no differences in calculated conductance at any given pressure as dPLc/dt was increased (ANOVA p>0.05). The calculated capacitance-free zero-flow pressure (P f . o ) increased from 15.3 ± 1.0 mm Hg to 17.7 ±0.7 mm Hg as dPuVdt rose. This most likely reflects the fact that a greater amount of extrapolation was needed to define the up ramp pressure-flow relation as dPnVdt increased (due to the elimination of the first 250 milliseconds of data during up ramp analysis). Corresponding values of left ventricular diastolic pressure and right atrial pressure were 8.7 ± 0.9 mm Hg and 3.3 ± 1.0 mm Hg, respectively, both significantly lower than P f . o (p<0.01). As indicated in Figure 7 and Table 1 , an increase in conductance of 20 to 30% was observed as coronary distending pressure rose from 20 to 80 mm Hg, reflecting the convexity of the capacitance-free pressure-flow curve to the pressure axis.
Coronary Capacitance
Values of coronary capacitance calculated using the RC parallel model with pressure-dependent parameters are summarized for selected coronary pressures and pressure decay rates in Table 2 and Figure 7 . For each nominal level of dPn/dt, coronary capacitance was inversely related to distending pressure, falling from 23.9 x 10" 3 ml/mm Hg/100 g to 5.73 x 10" 3 ml/mm Hg/100 g as pressure increased from 20 to 80 mm Hg at a nominal dPYc/dt of 30 mm Hg/sec. 
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The effects of pressure decay rate on calculated capacitance are also summarized in Table 2 . At each pressure level, coronary capacitance decreased as the magnitude of dPuVdt rose. Figure 8 summarizes values of capacitance over the entire range of dP^Jdi studied for each ramp pair at a distending pressure of 50 mm Hg. The behavior of capacitance is compatible with viscoelastic effects of the arterial wall, which result in less compliant behavior as the applied rate of pressure change increases. The magnitude of this effect resulted in reductions in capacitance of 25 to 30% as dPLc/dt increased from ± 30 mm Hg/sec to ± 90 mm Hg/sec.
Discussion
This study provides a basis for using a model of the coronary circulation to predict diastolic pressure-flow relations which are free of capacitive effects from dynamic pressure-flow information. Derived capacitance-free pressure-flow relationships agree closely with capacitance-free pressure-flow points obtained during constant pressure perfusion of the coronary artery in the same animal. Coronary conductance, P f _ 0 , and capacitance can be characterized during single diastoles.
Several constraints of the methodology need to be kept in mind. First, the analysis requires that model parameters are constant at any given pressure over time. These experiments have been performed in the maximally vasodilated coronary bed, and factors known to potentially influence P f . o and transmural conductance (i.e., coronary venous pressure and left ventricular diastolic pressure) have been held constant showed the potential use of a similar approach in beds with and without vasomotor tone present, the constancy of model parameters with time and pressure was not evaluated.
Second, since calculated capacitance is dependent on dPnVdt as well as coronary pressure (Table 2) , the rate of pressure change must be the same in magnitude (though opposite in direction) during the down and up pressure ramps. Exponential waveforms have been used in most other studies. 36 ' 717 Prediction of capacitance-free relations from such data would require detailed knowledge of the variations in model parameters with pressure and dPL^dt, as well as the quantitative behavior of the pressure input function with time. Use of a ramp waveform circumvents these difficulties and greatly simplifies the mathematical analysis.
Finally, interarterial pressure gradients may influence the slope and intercept of diastolic pressure-flow relations. 18 Effects on the pressure-axis intercepts reported in the present study seem unlikely since interarterial gradients were less than 10 mm Hg at the time of zero flow (the interarterial gradient required to observe measurable collateral flow appears to be at least 40 mm Hg 18 ). Effects of collateral flow on the slope of the pressure-flow relations are more complex. Since pressure in the circumflex artery exceeds aortic pressure in this preparation, collateral flow out of the circumflex distribution is possible. Although collateral flow at high circumflex distending pressures could potentially cause circumflex bed flow to be overestimated, effects should be similar for the rising and declining ramp pair as well as for capacitance-free points obtained during constant pressure perfusion. We have previously measured diastolic coronary input impedance in the maximally vasodilated coronary bed and determined that an RC model adequately describes the input impedance behavior at frequencies less than 5 Hz when pressure dependence of the parameters has been taken into consideration. 8 This frequency range encompasses the rate of pressure decay reported in the present study. At higher rates of pressure decay, e.g., >200 mm Hg/sec, viscoelastic effects become more important. The RC viscoelastic model used to model impedance at higher frequencies in our previous study could in principle be used to analyze slow as well as faster ramps. Because of the pressure dependence of the model parameters, however, the differential equation describing the viscoelastic model is nonlinear, and the data analysis is much more complex. For the RC model the equality of capacitive flow during the up and down ramp at any given pressure allows the determination of model parameters without actually solving the differential equation. This analysis, which is much simpler, can be carried out graphically if no computer is available. To quantify parameters of the viscoelastic model in the time domain, we have recently developed a nonlinear optimization technique that is capable of analyzing faster ramp waveforms." However, for the relatively slow ramps in the present study, the RC model provides accurate estimates of capacitive-free pressure-flow curves, as evidenced by the agreement between curves constructed from the model and capacitance-free points obtained during constant pressure perfusion ( Figure 6 ).
The major advantages of the present approach are that it can be performed during individual diastoles and that model parameters which may vary among animals are characterized during each determination. While a simple, lumped RC model has been chosen for this study, capacitance is actually distributed throughout the coronary vascular bed.
29 - 20 The RC model itself is unlikely to describe variations in coronary flow throughout the cardiac cycle without including intramyocardial compliance, 21 transmural variations in intramyocardial pressure, 22 and changes in transmural vascular resistance. 2 Nevertheless, during diastole, 2 lines of reasoning suggest that it is reasonable to lump all capacitance proximal to resistance. First, predicted capacitance-free pressure-flow relations correspond closely to points obtained during constant pressure perfusion. Second, values of capacitance obtained in the present experiments at relatively slow constant rates of coronary pressure decay are similar to those predicted in a previous group of animals by perturbing coronary pressure with relatively high frequency sinusoidal oscillations, i.e., up to 10 Hz, 8 as well as after occluding the distal bed with 25 /xm beads. 23 Values of capacitance calculated using the RC model decrease modestly with increasing dPuVdt (Table 2 ). This is interpreted to indicate a viscoelastic effect consistent with the known biophysical behavior of the arterial wall. 24 As recently pointed out, 23 an equivalent interpretation would be that this behavior is compatible with a model in which capacitance is located distal to a proximal resistance.
Both dynamic and capacitance-free pressure-flow relations in the present study are nonlinear. This is consonant with previous observations from our laboratory 3 -4 and suggests that coronary conductance is pres-. sure-dependent. Hanley et al 5 have recently shown that both arterial inflow pressure and venous outflow pressure affect conductance in the maximally vasodilated coronary circulation, due to changes in the transmural pressure distending the resistance vessels. An additional mechanism may be related to heterogeneity of P f _ 0 in vascular channels across the myocardial wall. 2 Such an effort would be most noticeable at low coronary pressures, where curvilinearity of pressure-flow relations is most pronounced. Several previous studies have reported dynamic and capacitance-free pressureflow relations to be linear.
1<U6 Apparent linearity may relate to unmeasured collateral flow into the circumflex region when arterial pressure is normal 18 and/or changing coronary conductance related to changes in venous pressure over time. 5 An additional point is that the contour of a dynamic pressure-flow relationship can be importantly influenced by the pressure profile used in its construction 2 (see Figure 1 in reference 2). Pressure dependence of coronary capacitance is more controversial than pressure dependence of coronary conductance. The present results are consistent with our previous measurements of coronary capacitance obtained by modeling diastolic coronary input impedance. 8 They indicate threefold to fourfold changes in capacitance as coronary pressure falls from 80 to 20 mm Hg. Some laboratories have failed to detect changes in capacitance with coronary pressure. 723 Studies of isolated vessels by Gow et al 24 indicate that dynamic elastic properties of the canine left circumflex coronary artery in vitro are pressure-dependent, resulting in an increase in elastic modulus (or "stiffness") as coronary distending pressure is increased. Cox 27 examined passive pressure-diameter responses and found the coronary artery to be relatively stiff above a pressure of 100 mm Hg. At pressures below 100 mm Hg, the artery was quite distensible, with incremental elastic modulus varying inversely with distending pressure. Both of these studies are compatible with an inverse relation between coronary artery compliance and distending pressure. Also in support of a pressure-dependent capacitance is the observation that capacitive flow is greater at low pressures than at high pressures. This is reflected in published figures comparing dynamic pressure-flow behavior to constant-pressure perfusion 72026 as well as in the present investigation (Figure lb and Figure 3) . Detection of variations in capacitance with pressure requires the type of analysis employed in the present study, or the use of small pressure perturbations as in our previous study of diastolic coronary input impedance. We feel that the failure to note pressure dependence of coronary capacitance in other studies may relate to the use of large pressure perturbations (~ 30-70 mm Hg) over a wide range of initial pressures. 7 -23 The present study is in agreement with previous studies indicating that capacitance-free values of P f _ 0 exceed right atrial and left ventricular diastolic pressure during maximum vasodilation.
36 ' 26 The "apparent P f _ 0 " of dynamic pressure-flow relations is importantly influenced by both capacitance and the rate at which coronary pressure is changing. As illustrated in Figure  4 , apparent P f . o may exceed 30 mm Hg in the maximally vasodilated coronary bed at high rates of dP LC /dt. Differences among previous studies in terms of intercept shifts during constant pressure and declining perfusion in the vasodilated bed likely reflect differences in the magnitude of dP/dt at the time zero flow is reached.
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* Similar considerations may also explain some of the reported differences between constant pressure and declining pressure intercepts with vasomotor tone intact. We feel that detailed information regarding the pressure input function is essential for interpreting dynamic pressure-flow relations.
In summary, this study demonstrates the utility of an RC model with pressure-dependent parameters for characterizing and predicting pressure-flow relations similar to those obtained during constant pressure perfusion of the maximally vasodilated coronary bed. While the lumped values of capacitance and conductance obtained using the model represent an oversimplification of a complex distributed system, the model provides insight into diastolic pressure-flow behavior as well as an accurate measurement of resistive flow. The proposed methodology should therefore be useful for studying effects of interventions on diastolic pressure-flow relations during maximal vasodilation. Extending the analysis to states in which vasomotor tone is present will require additional knowledge regarding changes in coronary resistance with time, as well as approaches that perturb coronary artery pressure in a sufficiently rapid fashion to avoid significant changes in autoregulatory resistance during the perturbation.
